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Abstract 
In this paper, we address various strategies to integrate Electronic Health Record systems with other 
software features and information sources. We identify a critical tension between a) the end users’ 
desire for a seamless EHR workflow, and b) the system architects’ desire for a loose and modular 
integration, which favors change and evolution of various applications and components over time. 
Through a qualitative study from Norway, we examined the integration strategies of an EHR system 
with i) a specialized patient record solution for childbirth, ii) an ePrescription system, and iii) an 
integrated Summary Care Record system. We complement these empirical studies with related 
research concerning one additional EHR integration strategy identified in the health informatics 
literature. We illustrate how four of the strategies compromise either end-users' need for seamless 
workflow or system architects' desire for a changeable and loosely integrated portfolio of information 
systems. However, one particular strategy, albeit experimental, shows promise in resolving the 
identified tension to a more substantial degree than the other four.  
Keywords: eHealth architecture, EHR, integration, seamless workflows, use-flexibility, change-
flexibility.   
1 THE PROBLEM OF INTEGRATING APPLICATIONS INTO 
ELECTRONIC HEALTH REGISTERS (EHR) 
Healthcare workers are dependent on the availability of comprehensive information in their work. The 
Electronic Health Record system (EHR) is a core application in hospital departments, specialists’ and 
general practitioner offices as well as in nursing homes. Despite its centrality, EHR design still leaves 
much to be desired in many settings. Friedberg et al. (2013) claim, based on a US study that the IT 
industry has failed to provide appropriate IT tools for doctors and that the introduction of systems such 
as EHRs have worsened their professional satisfaction, rather than improved it. Although the study 
indicates that doctors have an overall positive attitude to EHR introduction, poor user interfaces with 
slow and overly templated data entry, lack of cross-institutional information access, yet increasing 
information overload are pointed out as major issues with current solutions (ibid, Payne et al. 2015). In 
this paper we address one aspect of this complex problem; the need for the EHR workspace to be 
integrated with other information sources to support clinical practice.  
If a health worker’s workflow associated with treating a patient involves interacting with multiple 
applications besides the EHR, the user who encounters lack of integration between such applications 
may resort to workarounds (Damsleth 2013). A common workaround would, for example, be the use 
of Windows clipboard to copy data between applications. The term seamlessness denotes the 
perceived support for workflow across applications and varies inversely with the number of 
workarounds required to perform the work tasks. Across hospitals, some use EHR systems that are 
monolithic (“suite” applications) and others use composite or “best of breed” systems (Koppel and 
Lehman 2015). In either case, there is a need for some degree of interoperability with additional 
systems. In the Norwegian health sector, there are thousands of applications at multiple sites that 
require various levels of integration with the EHR (Heimly et al. 2011, Bygstad and Hanseth 2016). 
These systems include both local applications (e.g., specialized systems for medical charts, imaging, 
equipment), or external, inter-organizational systems and national solutions that span the whole sector 
(such as national solutions for ePrescription or nationally shared EHRs). The approach for integrating 
   
 
these systems has not been systematically discussed in the healthcare IS or medical informatics 
literature, and we, therefore, offer a theoretically informed empirical investigation into five different 
EHR integrations strategies.   
A starting point for our conceptualization of EHR integration is the inherent tension involved with 
providing the health worker with a high level of workflow support (understood in this context as 
seamless cross-application integration). This seamlessness requires tight integration of relevant 
information sources in an individual’s workspace (Humphreys 2000, Ellingsen and Monteiro 2006, 
Weng et al. 2012, Krist et al. 2014). However, from a strategic and architectural perspective, there is a 
need to provide the solution cost-effectively to a broad population of end-users, who will have 
different information needs and use a multitude of different information systems. In this article, we use 
the word scaling to describe this need for large-scale solution adoption, expansion, and growth. The 
tight coupling of two systems that exhibit a high level of workflow seamlessness may negatively 
impact the efficiency with which IT professionals can meet future needs and provide improved 
functions to the user population (Ellingsen and Monteiro 2006). Also, tight integration makes future 
changes more problematic than if the coupling between systems is looser. Our interest here is in 
creating a better understanding of the issues involved when dealing with this dilemma in the context of 
the EHR workspace. We contribute to knowledge about how local EHR workflow support can be 
balanced against cost-efficient governance of the health information infrastructure as a whole. Health 
professionals need useful systems, and at the same time, managers and architects need their portfolio 
of information systems to be governable and changeable over time, which ultimately also is in the best 
interest of end-user clinicians. 
Methodologically we proceeded as follows. We first examine relevant literature to identify integration 
strategies (or options/styles) that are feasible for integrating the EHR with third-party systems and 
applications. We then conduct an expert survey to validate our initial analysis, followed by a case 
study of three Norwegian integration projects. With each of the five integration strategies we 
identified, we examined their potential to support seamless integration and flexibility, and we compare 
the experiences regarding the trade-offs between seamless local integration and large-scale 
standardized infrastructures. We find that four of the strategies prioritize either seamless integration or 
change-flexibility and compromise the other dimension. Interestingly, one integration strategy appears 
to resolve the tensions between the two equally desirable goals but remains experimental in practice. 
Our conclusion supports the view that EHR integration can help reduce the costs and frustrations of IT 
in clinical practice and help promote the goals of increased quality, accessibility, and efficiency of the 
provision of health services (Eysenbach 2001), while keeping in mind the professional satisfaction of 
clinicians (Friedberg et al. 2013, Payne et al. 2015). 
2 FIVE INTEGRATION STRATEGIES IN THE EHR 
WORKSPACE 
This article concerns integration related to a single user dividing a task between multiple systems, 
rather than issues arising when multiple different users access one or more systems as shown in the 
figure. The term workflow in this paper therefore addresses a single users’ perspective of a sequence 
of tasks, rather than multiple health workers’ tasks in an integrated patient pathway.  
 
Figure 1 shows two of several possible dimensions in which integration can be considered. Integration can 
concern communication between two applications that are used by the same health worker (1), for example, an 
EHR and a connected application. Integration can also concern communication between two systems that are 
   
 
used by different health workers for treating a single patient (2), such as the communication between two 
different EHRs. This paper is limited to scenario #1, and we expect the more complex scenario #2 to be shaped 
by additional dimensions.  
The extant literature points to several ways in which third-party functionality and data sources can be 
integrated into an EHR workspace. The following five strategies, named A-E, for EHR-application 
integration vary for example with regards to the degree of separation and independence, mode of data 
exchange and sharing of patient context, user log-in and usage pattern (semantic and concept equality), 
and EHR vendor control and ownership. Other integration strategies may exist but have not been 
covered in this study and are to our knowledge not widely adopted in practice.  
A. A separate application that is distributed and managed independently from the EHR. The 
application may use EHR interfaces for sharing login, the patient context and data between the 
EHR and the application. The user works with (i.e., enters and reads information from) each 
application separately. The EHR vendor is not involved in distributing or managing the 
external application (Berger and Baba 2009, Skorve and Aanestad 2010). 
B. The application is a web application embedded into the EHR. The application is downloaded 
from a separate server, allowing external parties to update the applications without interaction 
with the EHR vendor. The EHR may provide interfaces for identity, context, and data sharing 
for tighter coupling between the application and EHR (Mandel et al. 2016, Mandl et al. 2015, 
Mandl and Kohane 2009, Mandl and Kohane 2012). 
C. The third-party application (e.g., a module) is integrated into the EHR by the EHR vendor. 
The modules are bundled with the EHR and do not work on their own (Mandl and Kohane 
2009, Bernstein et al. 2005, Koppel and Lehman 2015, Pesaljevic 2016, Hanseth and Bygstad 
2017). 
D. The EHR vendor implements the whole user interface but uses standardized interfaces towards 
third-party backend services, which can be reused by multiple EHR systems. These central 
components can have shared storage and/or services (Noumeir 2011, Koppel and Lehman 
2015, Pesaljevic 2016). 
E. The EHR vendor implements the whole user interface but includes configurable intercept 
points (sometimes called “hooks”) to external services to fetch and display external 
information as part of the workflow (Warner et al. 2016).  
3 ANALYTICAL PERSPECTIVE: SEAMLESSNESS AND 
FLEXIBILITY IN HEALTHCARE INFORMATION 
INFRASTRUCTURES 
Studies of information infrastructures constitute the exploration of large, complex and evolving 
information system architectures, where immediate and local needs are continuously contested and 
negotiated against large-scale efforts to harmonize and standardize across local settings (Rolland and 
Monteiro 2002, Monteiro et al. 2003). This tension has been expressed as inherent with generic 
solutions to particular needs (Ellingsen and Monteiro 2003), or as a tension between standardization 
and flexibility (Hanseth et al. 1996, Ellingsen and Monteiro 2006). In particular, Ellingsen and 
Monteiro (2006, p 443) argue, in the context of health information system integration, that 
“[e]nforcing order in the form of standards across multiple local settings, seemingly a prerequisite for 
tight integration, simultaneously produces disorder or additional work in other locations for other 
users.” Here, we draw on an information infrastructure perspective to explore how the five EHR 
integration strategies outlined above balance tensions between “local” end-user needs for seamless 
workflows and “global” concerns for long-term configurability and change of national and inter-
organizational eHealth architectures, of which EHR systems are essential components. Specifically, 
comprehensive and integrated EHRs have been proposed as a means for integrating heterogeneous 
systems in healthcare information infrastructures, but too comprehensive standardization and 
consolidation efforts may also lead to stagnation, curb innovation, and negatively affect evolving 
clinical practice (Ellingsen and Monteiro 2003, Ellingsen and Monteiro 2006). 
   
 
With traditional information systems development, it has been noted that system flexibility can be 
realized both at the time of implementation/change and at the time of use (Orlikowski 1992). An 
information infrastructure, with a high level of interdependence between actors (e.g., client 
organizations, vendors, IT-departments and governance bodies) and system components, typically has 
low flexibility for further change (Hanseth et al. 1996, Hanseth and Lyytinen 2004, Roland et al. 2017, 
Sanner et al 2012), due to high technical complexity, diverse interests among heterogeneous 
stakeholders and challenges with coordinated actions across systems and actors. Further, the flexibility 
for change of large and complex systems has been linked to modularity, in the form of architectural 
layers and “lean” modules that are loosely coupled (Braa et al. 2007, Edwards et al. 2007, Hanseth et 
al. 1996). Modularity is a design principle that emphasizes the development of small and reusable 
components with clearly defined interfaces between them, rather than developing one comprehensive 
system or product where functional interdependencies are hard to discern (Baldwin and Clark 2006, 
Baldwin and Woodard 2008, MacCormack et al. 2006).  
Gebaur and Schober (2006) build on Hanseth et al. (1996) to discern two types of information system 
flexibility: (i) flexibility in the pattern of use (short: use-flexibility) and (ii) flexibility for further 
changes (change-flexibility). Gebauer and Schober define use-flexibility as the range of process 
requirements supported without major changes, where a major change constitutes “adjustments and 
modifications that require a fresh system setup, including re-installation and re-testing” (ibid, page 
128). Use-flexibility thus refers to flexibility “out of the box” for use across a range of different, even 
unanticipated purposes and tasks. Design and use-flexibility have been described as relational in the 
context of information infrastructures because a high level of use-flexibility reduces the need for 
change-flexibility, and vice versa (Hanseth and Lyytinen 2004, Hanseth et al. 1996). In relation to the 
current study, we further specify that use-flexibility is closely tied to the choices and activities of end 
users or IT support functions close to and responsive to end users' needs, while change-flexibility is 
more closely associated with design decisions made by system architects, IT governance bodies and 
external vendors of “off the shelf” software packages such as EHR solutions. We further note that 
different actors in an information infrastructure can tap into a varying degree of use-flexibility and 
change-flexibility, depending on their roles, skills, ownership, and interdependencies. 
Change-flexibility in the context of healthcare information infrastructures is shaped by both social and 
technical arrangements. These factors include IT personnel’s skills and mandates, contractual 
arrangements and regulations, the choice of standards and interfaces between integrated data sources 
and applications in the overall architecture, and modularity, for instance, provided by re-usable 
software modules and vendor-independent database connectivity. In essence, change-flexibility 
constitutes different actors' ability to provide new functionalities, recombine and reorganize access to 
various data sources and to allow for modifications of the user interface for instance to support more 
seamless EHR workflows. Hanseth et al. (1996) emphasize the importance of exploring the relative 
degrees of flexibility with different solution types to maximize flexibility for future change. In this 
study, we examine the flexibility to change associated with five EHR integration strategies and 
juxtapose it with the ability of the integrated EHR solution to support clinical tasks through seamless 
workflows. Hence, we use the term seamlessness as a quality of EHR workspace integration, indicated 
by the accomplishment of a task that traditionally spans multiple applications and data sources.  
When users attempt to accomplish tasks and encounter lack of seamlessness (i.e., lack of integration 
between data sources and applications), they fill gaps by introducing their own workarounds 
(Damsleth 2013). A workaround can, for example, be the use of Windows clipboard to copy patient 
data between applications or manually edit and manipulate text files generated by one system before 
they are uploaded to another system for sharing with other professionals. Lack of design-time 
integration is compensated by use-flexibility workarounds (ibid). As such, the necessity for 
workarounds can be seen as an indication of how well applications and data sources are integrated. We 
understand the total flexibility of an integrated EHR solution as constitutive of use-flexibility and 
change-flexibility, in addition to manual workarounds that may be both intended and unintended from 
the system architects' perspective to meet the limitations with EHR integration (Gebaur and Schober 
2006). Beyond seamless workflow to support tasks, we note some prerequisites to any integrated EHR 
solution including security, certification, data protection and following laws and standards that are 
   
 
mandated within the region/country. These requirements will most likely affect the choice of EHR 
integration strategy and, as we show with the five strategies identified in this paper, will, in turn, shape 
the balance between change-flexibility and the seamlessness of integrated EHR workflows.  
4 RESEARCH APPROACH AND METHODS 
4.1 Research context 
Norway had an early adoption of EHRs at all levels of the health service. The first rollout started in 
1985, and the penetration had reached 90% by 2000 for general practitioners and 2005 for hospitals 
(EPJ Monitor 2008, Heimly et al. 2011). In 2008 the last of the public hospitals implemented an EHR 
system. The early and distributed introduction of EHRs led to a fragmented EHR landscape. One 
implication of this fragmentation is that making common EHR changes across the whole healthcare 
sector is difficult (EIEJ 2015). There are multiple EHR vendors for the hospitals (>2), municipalities 
(>3) and general practitioners (>3). While there is a national program in place to consolidate EHR 
systems into fewer systems (EIEJ 2015), the current situation is that rollout of any national services 
requires a tremendous amount of integration work with each of the EHR vendors.  
Two of the national solutions targeting health workers in Norway are ePrescription and Summary Care 
Record (SCR). Both these applications are integrated into the EHRs using Norway-specific 
mechanisms that include several of the integration types described in this paper. The hospitals in 
Norway currently integrate a large number of local solutions covering vertical usage needs into their 
EHR system. One of these applications is a solution that offers a structured user interface documenting 
data around pregnancy and childbirth. 
4.2 Qualitative case study 
This research is based on a qualitative study of three Norwegian cases that highlight different aspects 
of the dilemmas associated with the integration of EHRs and other applications. The three cases 
represent five different integration strategies and their outcomes. The first case (Childbirth record) 
represents type A (a separate application operated in parallel with the EHR), the second case 
(ePrescription) represent types C and D, and the third case (Summary Care Record/SCR) represents 
type B, but is moving towards type D. We could not identify any Norwegian implementations of 
category E and had to rely on the limited experiences reported in the literature. The SCR and 
ePrescription solution are national solutions that have been integrated into a large number of EHR 
systems in Norway and are by many considered templates for future similar projects. Learning more 
about how these templates perform in sustained use is therefore useful for future EHR integration 
projects. The study was designed to collect information about the experiences with these different 
integration strategies, explicitly concerning the trade-off related to workflow seamlessness and 
change-flexibility.  
4.3 Data collection  
The primary author is a part-time Ph.D. student and works at the Norwegian Directorate of eHealth as 
a solution architect. In this role, he has engaged in projects that include architecting application 
integration with EHRs. All interviews and other data collection were conducted by the primary author, 
while the two other authors have participated in framing the study, analyzing data and have given 
feedback on the study and manuscript. The data collection covered several data sources: 1) 
participation by the primary author in meetings and user forums regarding EHR and application 
integration over a period of 2 years, 2) informal discussions with project members and colleagues, 3) 
review of documents from the Norwegian Directorates of eHealth and Health, including user survey 
reports, 4) review of previously published case studies concerning the Norwegian Summary Care 
Record and ePrescription  (Hanseth and Bygstad 2017, Pesaljevic 2016, Larsen and Mydske 2013), 5) 
formal, semi-structured interviews with 20 managers, architects, product managers, developers and 
end users. The formal, semi-structured interviews followed an interview guide that started with a 
general discussion about application integration into EHRs, followed by the interviewees being 
introduced to the five types of integration as described in Figure 1, which prompted a discussion about 
the five integration types. The description and comparative evaluation of the types evolved during the 
   
 
study, based on feedback from interviews. As examples, strategy A, which exemplifies separate 
applications, was initially portrayed as an undesirable alternative, but based on interview feedback this 
strategy was considered to be both important and sometimes necessary. Many interviews led to a 
discussion on how real-life implementations used a combination of the different integration strategies 
over time. The five integration strategies were initially founded in extant literature, backed by 
empirical data from data collection points 1-4 above, but were then refined and validated through the 
semi-structured interviews.  
4.4 Data analysis 
Interviews were recorded and transcribed. In the analysis phase, keywords, concepts, and quotes 
illustrating characteristics of the types and dynamics between them were highlighted. Contradictions 
between assumptions in the categorization and the interview observations led to iterative changes of 
the integration strategy typology. Data were further analyzed using data displays (Miles and 
Huberman 1994) to exemplify contrasts between the different integration types, some of which were 
refined and included in the discussion part of this paper. For example, the weighting of the different 
integration strategies regarding tradeoffs related to seamlessness and flexibility were a result of data 
display analysis and repeated iterations of data display revisions after discussions between the three 
authors and with informants during interviews.  
The three empirical cases served slightly different purposes in the analysis process. The childbirth 
journal case served to explore the aspect of seamlessness (in cross-application integration). The four 
seamlessness characteristics derived from the first case were then used to analyze the second and third 
case in more detail. For these two cases, we collected more data and focused on the implications of the 
chosen integration solution for both the initial implementation and for further change. 
 
Figure 2 shows the final version of the figure that was used during interviews to get feedback on the 
categorization of integration types. The figure was revised from interview to interview. 
5 FINDINGS  
5.1 Childbirth record solution (Type A: separate applications, minimal linkages) 
Clinicians use a structured user interface in the childbirth record application to document observations 
and treatment, some of which is exported to the core EHR as documents. The clinicians also use the 
EHR directly to view other relevant information about the patient, including data entered by other 
departments and historical data. The childbirth record and EHR system are accessed as separate 
applications, and the user must log in separately to each of them. The systems are linked so that 
   
 
selecting a patient in one application also synchronizes the patient context with the other. Patient 
safety is the primary reason for this context synchronization: “In a heterogeneous environment, 
maintaining context is the main problem … there are many applications in a hospital” (source). Patient 
safety is not the only reason: “This is primarily about patient security, but it is also a matter of saving 
time for clinicians” (architect). The two systems are also linked on the data-level by exporting 
documents from the childbirth record to the EHR (the level of integration and type of integration 
interfaces varies between hospitals and software versions). The EHR and childbirth record exhibit 
different conceptual and semantic approaches, as the childbirth record application requires more 
structured data and the EHR uses more unstructured free-text documents. This difference between 
structure and free-text was perceived to be a change in documentation “culture,” and was “a barrier for 
the doctors who were more used to the [EHR]. Some doctors felt that the narrative and some subtle 
nuances were lost in the structured data.” (Architect).   
From this case we identified four aspects that relate to the integration of workflows between the 
applications: 1) Is there a shared user identity and login? If yes, this lowers the hurdle of having to log 
in multiple times. 2) Do the applications share patient and treatment context? If yes, this prevents 
having to find the patient and consultation in each application. 3) Do the applications share relevant 
data? If yes, this prevents double-entry and inconsistency between data. 4) Is there visual, semantic 
and concept equality among the systems? If yes, this prevents having to switch documentation and 
reading style/cognitive style. In the following we thus conceptualize systems integration as related to 
1) user’s identity; 2) patient/treatment context; 3) data exchange; and 4) visual, semantic and concept 
equality. 
5.2 National ePrescription solution (Types C and D) 
Two different integration patterns emerged in the evolution of ePrescription. Overall, the Norwegian 
national solution for ePrescription uses a message-oriented, client-server architecture, with a national 
server and distributed clients at pharmacies, general practitioners, hospitals, and municipalities.  
The ePrescription project started in 2003, with the first successful pilot beginning in 2009. The initial 
plans were to reuse the prescription modules that existed in the general practitioners’ EHRs and 
integrate these with a national prescription database (integration type D). The integration strategy 
required the vendors to undertake development, and this route turned out to be a lengthy and 
challenging process. The central project decided to develop and freely offer an alternative, external 
prescription module, to support EHRs that lacked ePrescription support. This module required lower 
investment from the EHR vendors and resolved the problem of the delayed roll-out. The external 
prescription module comes with its own ePrescription user interface, logic and local storage, pre-
integrated towards the central component. However, the module is not usable on its own, so we 
classify the external module as an instance of integration type C. Thus, the resulting architecture 
allowed for two different ways to integrate the EHR with the national ePrescription infrastructure as is 
shown in figure 2. These two approaches use the same standardized messages towards the central 
prescription server. 
 
Figure 3 shows the two ePrescription implementation alternatives, with or without the external prescription 
module. 
Integrating the external prescription module into an existing EHR is considerably cheaper than 
developing a vendor-specific prescription module from scratch. However, when EHR vendors develop 
   
 
own modules, these are typically more seamless with the rest of the EHR workspace and have a 
similar look-and-feel.  
In contrast, the visual appearance of the external prescription module looks different from the rest of 
the EHR, though there are plans to allow vendors to adapt the external module’s appearance. If 
vendors are allowed to adapt the external module’s appearance to fit their EHR, this integration model 
also approaches the type D category, because the EHR vendor will have stronger control over the 
development.  
Whether the user interface was consistent with the rest of the EHR was found to be significant for the 
user experience. During the rollout of ePrescription, it became evident that many clinicians are 
sensitive to the look-and-feel and semantics of their workspace. Even minor differences in views 
seemed to make a difference, as stated by a project member: “The clou is work process. You must 
ensure a consistent work process for the doctor. During quality surveys of ePrescription, we have seen 
that just filling in a simple checkbox can be a huge barrier. To enable consistent work processes and to 
ensure that this is an efficient tool that supports the user’s needs, it is required to be an integrated 
solution. If not, it will not be used.”  
Let us consider the change-flexibility of the ePrescription solution. Introducing new functions into the 
ePrescription infrastructure has proven difficult, given a large number of independent actors and a 
distributed architecture that requires all involved actors to be part of implementing new features. No 
actors have end-to-end control. Although the implementation of ePrescription is widely considered a 
success, there are therefore challenges with introducing changes and new functions into the existing 
infrastructure. Even adding a single attribute to the standard messages requires work in all EHRs. 
However, there is a difference between the external and internal implementations related to the ability 
to change, because the external module can be installed and updated independently of the EHR 
vendor’s roadmap.  
The following example illustrates this difference: A function that has been planned since the beginning 
of the project is the support for multidose prescriptions, a necessary feature for patients who use 
multiple drugs that should be prescribed and dispensed together. The current method for handling 
multidose is a paper card that is faxed between the general practitioner and pharmacies. Introducing an 
electronic version of multidose is therefore considered a priority in the Norwegian health care sector. 
The external prescription module has supported multidose functionality since 2014, but EHR vendors 
have not yet implemented this feature into their own prescription modules. Hence, EHRs using the 
external module can already support multidose.  
5.3 The Norwegian Summary Care Record (Type B, migrating towards type D) 
The SCR is a national solution that collects information about patients (including recently dispensed 
medication, visits to health facilities, allergies, etc.) in a national database that health workers can 
access when necessary. The data available is not a complete shared record, and availability of some 
data depends on clinicians entering data manually. To access the SCR, the health worker starts from 
the standard patient view in their local EHR. If the integrated SCR-button in the patient view is red, 
this indicates that there is critical information stored in the national database. Clicking the button 
brings up the national web application in an embedded browser. The patient context passes from the 
EHR to the central web application, but no data integration is available yet. The clinician must enter 
data manually or use Windows clipboard to transfer data between the EHR and the web application, 
i.e., requiring the use of workarounds. The lack of seamless data integration with other views of the 
EHR has been pointed out by users as a significant barrier to adoption. The SCR provider is currently 
implementing standardized interfaces that can allow structured data to be integrated seamlessly into 
the EHR by the EHR vendor, as an alternative or complement to the web application (e.g., 
prescriptions and allergies). Both the web application and information exchange through tightly 
integrated standardized interfaces are planned to operate in parallel, to fit different usage and solution 
scaling needs.  
The choice of an embedded web application was deliberate, prioritizing the need for national scaling 
of the solution. “The strategic choice was considered carefully and still feels correct. With the limits 
   
 
the project had at the time, within the first year, it was impossible to integrate tightly with all EHRs for 
all the necessary content. There were many EHR vendors, and the pilot had to cover the whole chain. 
This complexity was the reason for the decision to use web integration” (project member). This 
strategy required an initial investment in aligning actors, setting standards and implementing the 
technology in the EHRs. However, the investment was rewarded by the simpler deployment of new 
applications since the web application can be updated centrally without making changes to the local 
EHRs. “With the web application, updates become super flexible. We can fill the portal with lots of 
new content and have it spread overnight to the whole health service. This is one of the greatest 
advantages. It works in practice. We deliver four times every year, and the new functionality is 
available when we have finished deploying.” (Project member). However, the same project member 
acknowledges that the tight integration could have come earlier: “to reduce the noise we should 
perhaps have implemented the service-oriented interfaces and tight integration earlier, to avoid double 
registration of data.” Establishing the web platform capability in the EHRs has been a painful process. 
The initial rollout had to deal with delays in EHR version rollout, differences in web browser vendors 
and versions, infrastructure connectivity, the need to introduce electronic signatures and the resolution 
of other required infrastructure issues, all contributed to slow down the implementation.  
The US initiative called “SMART-on-FHIR” represents a more widely standardized, but similar web-
based integration strategy as that used in SCR. “SMART-on-FHIR” is an open framework that enables 
embedding web applications into EHRs, with standardized mechanisms for authentication, 
authorization, context and data sharing (Mandel et al. 2016). 
5.4 Strategy E – Allowing external “intercept points” to engage with the workflow 
We could not identify any Norwegian implementations of category E and had to rely on limited 
experiences reported in the literature, although one informant argued that the red SCR button is a 
standardized EHR intercept point.  An open initiative for embedding intercept points and micro-
services into EHRs is the Clinical Decision Support hooks (CDS-hooks), which connects small 
external services as part of an EHR-supported workflow (Warner et al. 2016). CDS-hooks is currently 
being included in the HL7-FHIR standard.  
6 ANALYSIS 
6.1 Summary of findings  
The various cases illustrate different trade-offs between seamlessly integrated workflows across 
applications (tight integration) and change-flexibility (loose integration). 
Table 1 shows a comparison of the five integration types, along the dimensions of seamlessness and flexibility. 
The rating is based on interview data and specific feedback from interviewees when asked about the 
seamlessness and change-flexibility of each integration strategy. These judgments have been assessed and 
supplemented by the researchers’ analysis of the other empirical material (e.g., documents and surveys).  
Integration strategy Cases Seamless workflow Change-flexibility 
A - Separate applications Childbirth Journal Low Medium 
B - Embedded web Summary Care Record (SCR) Medium  High 
C - Native modules ePrescription using the external 
module   
Medium  Medium 
D - All UI implemented 
by EHR vendor 
ePrescription using the EHR system’s 
internal prescription module 
High Low 
E - Standardized intercept 
points into workflow 
No Norwegian case. CDS hooks is an 
example, but not yet widely deployed.  
High High 
The score in the column “Seamless workflow” relates to how well four dimensions of seamlessness 
are supported. These were: 1) shared user identity, to prevent having to log in separately; 2) sharing 
   
 
patient, encounter and treatment context, to prevent having to find the patient and encounter in each 
application; 3) sharing of relevant data between applications, to prevent double-entry and 
inconsistency between data; and 4) semantic and visual concept equality/similarity.  
A - Separate applications: Low seamlessness + Medium change-flexibility 
The category of separate applications rarely achieves full workflow seamlessness according to the four 
criteria. The childbirth journal case met some criteria since the patient context and data was shared 
between the applications, but users did have to log in twice. Data integration was limited, and the 
structural concepts were very different between the two applications. Type A has therefore been rated 
as low on context seamlessness. However, support for richer context APIs in the EHR would improve 
context seamlessness. Other instances of this integration type may therefore score differently. It scores 
higher on change-flexibility, as the separate applications can be updated without mutual adjustment 
between the vendors. We classify the change-flexibility to medium since this type of local application 
still requires updating a large number of installations to deploy new features nationally.  
B - Embedded web applications: Medium seamlessness + High change-flexibility 
Embedded web applications have varying degrees of integration with the local EHR workspace. The 
Norwegian SCR web application is currently integrated at step 1 and 2 of context seamlessness, while 
sharing of data is achieved through the use of the Windows clipboard. The introduction of full 
SMART-on-FHIR support or other structured interfaces would allow for better sharing of data 
between the application and EHR. It is however unlikely that step 4 could be reached with a web 
application in the short term. Step 4 would require that the two applications appeared as a single 
application to the end user, sharing user interface concepts and semantics. The change-flexibility of 
this solution is very high, allowing over-night updates of the core solution and full availability of new 
features immediately without any local changes. However, this positive flexibility rating may 
underestimate the organizational aspects such as training required for new and updated functions.  
C - Bundled third party application modules: Medium seamlessness + Medium change-flexibility 
Because the EHR vendor is responsible for integrating the module in type C, this type can provide 
better context seamlessness than both A and B, though dependent on the module’s integration 
capabilities. The visual appearance and semantic interoperability of applications are critical to 
clinicians, and the considered ePrescription feature of allowing adaptation of the module’s user 
interface appearance would further improve the level of context seamlessness, possibly addressing 
level 4. Adapting the user interface per EHR would, however, lower the change-flexibility dimension 
of the solution. In respect to change-flexibility, type C is classified as medium, somewhere between 
A/B and D, because implementing new features may require mutual adjustment between stakeholders. 
The implementation of automated update tools in the ePrescription case improved the change-
flexibility of the solution.  
D - User interface entirely developed by EHR vendor: High seamlessness + Low change-flexibility 
When the EHR vendor implements the whole user interface, they are better equipped to provide 
consistent views that flow well between different tasks, even if some of the functions require backend 
calls to external components. The level of context seamlessness for this integration type can therefore 
be high, as the feedback of the ePrescription project shows. However, we saw from the ePrescription 
project that integration type D scores poorly on change-flexibility. For example, the multidose 
functionality that was quickly introduced in the external ePrescription module has still not been 
introduced by EHR vendors using type D, even after several years. 
E - EHR workflow with standardized hooks for apps: High seamlessness + High change-flexibility 
Type E has not been treated in any vignettes, and it remains to be seen how well this type supports 
context seamlessness and change-flexibility in practice. The vision of those behind initiatives such as 
CDS Hooks, one implementation of type E, seems to be that it would be a win-win for both 
dimensions. The ability to plug in external functions into various parts of an otherwise seamless 
workflow may be a dream worth pursuing, perhaps combining the best parts of type E and B. The 
   
 
success of this type would be highly dependent on a successful establishment of the EHR as a platform 
for external services, a vision that not all informants of this study considered realistic.  
6.2 Change-flexibility of EHR ecosystems 
The integration scenarios described in the vignettes above engage and link the stakeholders in the 
EHR ecosystem differently. These different stakeholder relationships have significant implications for 
the overall change-flexibility of the ecosystem, understood as the ability to evolve. With evolve, we, 
for example, mean adding new functionality and recombine different data sources. Choosing an 
architecture for integration, will among other things shape and impact the innovation dynamics in the 
EHR ecosystem as a whole. We illustrate two different dependency variants in figure 3 below. 
1) For the integration strategies A, B, and C, where the EHR plays a central role as an ecosystem 
enabler, the project first goes through an ecosystem enablement phase and secondly enters an 
innovation phase. In the first phase, the standardization, creating central enablers for platform services 
and implementing platform support in the EHRs are prerequisites for open application development. 
During this enablement phase of the ecosystem, we see reciprocal interdependence between the 
involved actors as the core platform functions are forged. Subsequently, we see an innovation phase 
where external parties can develop applications with limited involvement from the ecosystem 
enablers. In this phase, new applications using standards and central infrastructure can be developed 
without changes to the EHR platform enabler. Evidence of this platform creation was seen in the SCR 
case and ePrescription when using the external prescription module.  
2) For integration strategy D, the sequence of events and interaction between players is different. The 
EHR vendor must be involved for each new application since the full user interface and logic are 
implemented by the EHR vendor and must be planned as part of the EHR roadmap and deployment 
rollout. The central standards for the applications must be developed ahead of EHR development of 
the user interface. After standardization and creation of central components, the actors are reciprocally 
interdependent and require mutual adjustment during development. For each new application and 
function to be deployed, one may need to return to the first step of standardization and re-engage with 
EHR vendors. This strong interdependence was seen in the ePrescription case when adding multidose 
functionality. The feasibility of this scenario for implementing new functions will depend highly on 
the number of EHR vendors and the complexity in upgrading on-premise EHR installations. The 
outcome may be favorable regarding workflow seamlessness through context sharing. 
 
Figure 4 shows how an initial investment of a platform may enable the development of several parallel 
applications after the platform has been established.  
   
 
6.3 Trade-offs in EHR ecosystems 
Figure 4 maps out how the various EHR integration strategies balance the trade-off between workflow 
seamlessness and change-flexibility:  
 
Figure 5 shows how change and design flexibility contrast with seamlessness. 
The vignettes indicate that EHR integration efforts may target multiple integration strategies within 
the same project, drawing benefits from different strategies for separate use cases. Two of the 
vignettes show that one may also decide to leverage different integration strategies over time to fit the 
scaling requirements of the initiative. In both the SCR and ePrescription projects, types B and C that 
favored change-flexibility were chosen early on to help scale the solution across the national base. 
Accessing all users in the country was more important than optimizing seamlessness for specific users. 
These early strategies were followed by type D that improved workflow seamlessness for clinicians. 
An emphasis on usefulness and simplicity for clinicians (e.g., through close user involvement) may 
initially favor integration strategy D since this is experienced as more seamless by the end user and 
reuses existing EHR functions. However, such initiatives could encounter challenges of scaling and 
change-flexibility in the EHR ecosystem. In the childbirth record case seamlessness could be 
prioritized over reaching many users. In this case, the project could benefit from giving priority to 
measures that improve seamlessness for type A or choose D instead. The real world challenge that 
faces implementers is, however, a careful balance of multiple types of integration and related 
concerns, governed by conflicting project goals.  
7 CONCLUSION 
In this paper, we have analyzed the relationship between seamlessness and flexibility when integrating 
applications with the EHR workspace. Seamlessness was found to include 4 characteristics: 1) shared 
user identity, to prevent having to log in separately; 2) sharing patient, encounter and treatment 
context, to prevent having to find the patient and encounter in each application; 3) sharing of relevant 
data between applications, to prevent double-entry and inconsistency between data; 4) semantic and 
visual concept equality. Five different types of integration strategies were found in extant literature, 
and their characteristics were refined through an empirical case study. We compared the five 
integration strategies with respect to change-flexibility and seamlessness. Some integration types 
exhibited higher change-flexibility (A, B, C) while one (D) showed high potential for seamlessness. 
Future empirical research is required to assess whether the fifth type (E) indeed lives up to the 
expectations to deliver both change-flexibility and workflow seamlessness.  
   
 
The empirical cases from Norway showed that IT professionals can and do choose different strategies 
based on their requirements for reaching a large number of users, or optimize workflow seamlessness 
of the solution, and that a single project can plan to employ more than one integration strategy 
throughout the project lifecycle to optimize for example national scaling in one phase and workflow 
seamlessness in the next.  
The more change-flexible types (B, C, and D) require an enablement phase where platform features 
are developed. These types need open interfaces in the EHR to be able to deploy, as well as a 
functioning ecosystem where the EHR vendor plays an important role. We can see signs of such 
platform enablement of EHRs in the healthcare industry (Mandel et al. 2016), but it remains to be seen 
how successful these initiatives will be. A shift may occur when the EHR vendors start basing their 
application development on their own open interfaces (Roland et al. 2017).  
The study is based on an examination of three Norwegian projects, and a more comprehensive study, 
including an international perspective, might have yielded other insights. We also wish to clarify that 
there are additional factors (beyond change-flexibility and workflow seamlessness) that play a role in 
making decisions on the types of integration. Some other factors include whether the solution was 
located on-premise or in the cloud, or if the integration efforts were implemented by one of the 
vendors, the healthcare organization itself or a third party. We believe that our study demonstrates the 
need to pay careful attention to the balance between workflow seamlessness and change-flexibility to 
succeed with visions an integrated EHR ecosystem.  
8 REFERENCES 
Baldwin, C. Y., & Clark, K. B. (2006). The Architecture of Participation: Does Code Architecture 
Mitigate Free Riding in the Open Source Development Model? Management Science, 52(7), 
1116–1127. https://doi.org/10.1287/mnsc.1060.0546 
Baldwin, C. Y., & Woodard, C. J. (2008). The architecture of platforms: A unified view. SSRN 
Scholarly Paper, ID 1265155. Rochester, NY: Social Science Research Network. 
https://papers.ssrn.com/abstract=1265155, accessed October 9, 2017. 
Berger, R. G., & Baba, J. (2009). The realities of implementation of Clinical Context Object 
Workgroup (CCOW) standards for integration of vendor disparate clinical software in a large 
medical center. International Journal of Medical Informatics, 78(6), 386–390. 
https://doi.org/10.1016/j.ijmedinf.2008.12.002 
Bernstein, K., Bruun-Rasmussen, M., Vingtoft, S., Andersen, S. K., & Nøhr, C. (2005). Modelling and 
implementing electronic health records in Denmark. International Journal of Medical 
Informatics, 74(2), 213–220. https://doi.org/10.1016/j.ijmedinf.2004.07.007 
Braa, J., Hanseth, O., Heywood, A., Mohammed, W., & Shaw, V. (2007). Developing Health 
Information Systems in Developing Countries: The Flexible Standards Strategy. MIS Quarterly, 
31(2), 381–402. 
Bygstad, B., & Hanseth, O. (2016). Governing e-Health Infrastructures: Dealing with Tensions. ICIS 
2016 Proceedings. Retrieved from http://aisel.aisnet.org/icis2016/ISHealthcare/Presentations/2 
Damsleth, W. A. S. (2013). Filling the Holes with Workarounds: Watching Maps Work in the Terrain. 
Retrieved from https://www.duo.uio.no/handle/10852/37420 
Edwards, P. N., Jackson, S. J., Bowker, G. C., & Knobel, C. P. (2007). Understanding infrastructure: 
Dynamics, tensions, and design.  
EIEJ (2015). Én Innbygger – Én Journal. Ehelse.No. https://ehelse.no/strategi/n-innbygger-n-journal, 
accessed October 3, 2017. 
Ellingsen, G., & Monteiro, E. (2003). A Patchwork Planet Integration and Cooperation in Hospitals. 
Computer Supported Cooperative Work (CSCW), 12(1), 71–95. 
https://doi.org/10.1023/A:1022469522932 
Ellingsen, G., & Monteiro, E. (2006). Seamless Integration: Standardisation across Multiple Local 
Settings. Computer Supported Cooperative Work (CSCW), 15(5–6), 443–466. 
https://doi.org/10.1007/s10606-006-9033-0 
EPJ Monitor Årsrapport 2008. (2008). Retrieved from hiwiki.idi.ntnu.no/images/7/79/EPJ-monitor-
2008-hovedrapport.pdf 
   
 
Eysenbach, G. (2001). What is e-health? Journal of Medical Internet Research, 3(2), e20. 
https://doi.org/10.2196/jmir.3.2.e20 
Friedberg, M. W., Chen, P. G., Van Busum, K. R., Aunon, F., Pham, C., Caloyeras, J., … Tutty, M. 
(2013). Factors Affecting Physician Professional Satisfaction and Their Implications for Patient 
Care, Health Systems, and Health Policy. Retrieved March 7, 2017, from 
http://www.rand.org/pubs/research_reports/RR439.html 
Gebauer, J., & Schober, F. (2006). Information system flexibility and the cost efficiency of business 
processes. Journal of the Association for Information Systems, 7(3), 8. 
Hanseth, O., & Bygstad, B. (2017). The ePrescription Initiative and Information Infrastructure in 
Norway. In Information Infrastructures within European Health Care (pp. 73–87). Springer, 
Cham. https://doi.org/10.1007/978-3-319-51020-0_6 
Hanseth, O., & Lyytinen, K. (2004). Theorizing about the design of Information Infrastructures: 
design kernel theories and principles. Retrieved from http://sprouts.aisnet.org/124/ 
Hanseth, O., Monteiro, E., & Hatling, M. (1996). Developing information infrastructure: The tension 
between standardization and flexibility. Science, Technology & Human Values, 21(4), 407–426. 
Heimly, V., Grimsmo, A., Faxvaag, A., & others. (2011). Diffusion of Electronic Health Records and 
electronic communication in Norway. Applied Clinical Informatics, 2(3), 355–364. 
Humphreys, B. L. (2000). Electronic Health Record Meets Digital LibraryA New Environment for 
Achieving an Old Goal. Journal of the American Medical Informatics Association, 7(5), 444–
452. https://doi.org/10.1136/jamia.2000.0070444 
Koppel, R., & Lehmann, C. U. (2015). Implications of an emerging EHR monoculture for hospitals 
and healthcare systems. Journal of the American Medical Informatics Association, 22(2), 465–
471. https://doi.org/10.1136/amiajnl-2014-003023 
Krist, A. H., Beasley, J. W., Crosson, J. C., Kibbe, D. C., Klinkman, M. S., Lehmann, C. U., … 
Waldren, S. E. (2014). Electronic health record functionality needed to better support primary 
care. Journal of the American Medical Informatics Association, 21(5), 764–771. 
https://doi.org/10.1136/amiajnl-2013-002229 
Larsen, E., & Mydske, P. K. (2013). IJMR-Developing Electronic Cooperation Tools: A Case From 
Norwegian Health Care | Larsen | Interactive Journal of Medical Research. Retrieved March 13, 
2017, from http://www.i-jmr.org/2013/1/e9/ 
MacCormack, A., Rusnak, J., & Baldwin, C. Y. (2006). Exploring the structure of complex software 
designs: An empirical study of open source and proprietary code. Management Science, 52(7), 
1015–1030. 
Mandel, J. C., Kreda, D. A., Mandl, K. D., Kohane, I. S., & Ramoni, R. B. (2016). SMART on FHIR: 
a standards-based, interoperable apps platform for electronic health records. Journal of the 
American Medical Informatics Association, ocv189. https://doi.org/10.1093/jamia/ocv189 
Mandl, K. D., & Kohane, I. S. (2009). No Small Change for the Health Information Economy. New 
England Journal of Medicine, 360(13), 1278–1281. https://doi.org/10.1056/NEJMp0900411 
Mandl, K. D., & Kohane, I. S. (2012). Escaping the EHR Trap — The Future of Health IT. New 
England Journal of Medicine, 366(24), 2240–2242. https://doi.org/10.1056/NEJMp1203102 
Mandl, K. D., & Kohane, I. S. (2015). Federalist principles for healthcare data networks. Nature 
Biotechnology, 33(4), 360–363. https://doi.org/10.1038/nbt.3180 
Mandl, K. D., Mandel, J. C., & Kohane, I. S. (2015). Driving Innovation in Health Systems through an 
Apps-Based Information Economy. Cell Systems, 1(1), 8–13. 
https://doi.org/10.1016/j.cels.2015.05.001 
Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook. Sage 
Publications, Incorporated.  
Monteiro, E., & others. (2003). Integrating health information systems: a critical appraisal. Methods of 
Information in Medicine, 42(4), 428–432. 
Noumeir, R. (2011). Sharing Medical Records: The XDS Architecture and Communication 
Infrastructure. IT Professional, 13(4), 46–52. https://doi.org/10.1109/MITP.2010.123 
Orlikowski, W. J. (1992). The Duality of Technology: Rethinking the Concept of Technology in 
Organizations. Organization Science, 3(3), 398–427. https://doi.org/10.1287/orsc.3.3.398 
Payne, T. H., Corley, S., Cullen, T. A., Gandhi, T. K., Harrington, L., Kuperman, G. J., … Zaroukian, 
M. H. (2015). Report of the AMIA EHR-2020 Task Force on the status and future direction of 
   
 
EHRs. Journal of the American Medical Informatics Association, 22(5), 1102–1110. 
https://doi.org/10.1093/jamia/ocv066 
Pesaljevic, A. (2016). e-Prescription Embeddedness in the Norwegian Health Sector. Retrieved from 
https://www.duo.uio.no/handle/10852/54597 
Rolland, K. H., & Monteiro, E. (2002). Balancing the Local and the Global in Infrastructural 
Information Systems. The Information Society, 18(2), 87–100. 
https://doi.org/10.1080/01972240290075020 
Roland, Lars Kristian, Terje Aksel Sanner, Johan Ivar Sæbø, and Eric Monteiro 
 (2017). P for Platform. Scandinavian Journal of Information Systems 30(2). 
Sanner, T. A., Roland, L. K., & Braa, K. (2012). From pilot to scale: Towards an mHealth typology 
for low-resource contexts. Health Policy and Technology, 1(3), 155–164. 
https://doi.org/10.1016/j.hlpt.2012.07.009 
Skorve, E., & Aanestad, M. (2010). Bootstrapping Revisited: Opening the Black Box of 
Organizational Implementation. In Scandinavian Information Systems Research (pp. 111–126). 
Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-14874-3_8 
Warner, J. L., Jain, S. K., & Levy, M. A. (2016). Integrating cancer genomic data into electronic 
health records. Genome Medicine, 8, 113. https://doi.org/10.1186/s13073-016-0371-3 
Weng, C., Appelbaum, P., Hripcsak, G., Kronish, I., Busacca, L., Davidson, K. W., & Bigger, J. T. 
(2012). Using EHRs to integrate research with patient care: promises and challenges. Journal of 
the American Medical Informatics Association, 19(5), 684–687. https://doi.org/10.1136/amiajnl-
2012-000878 
 
